Evaluation of an on-target sample preparation system for matrix-assisted laser desorption/ionization time-of-flight mass spectrometry in conjunction with normal-flow peptide high-performance liquid chromatography for peptide mass fingerprint analyses.
Large-scale mass spectrometry (MS)-based proteomic analyses require high-throughput sample preparation techniques due to the increasing numbers of samples that make up a typical proteomics experiment. Moreover, extensive sample pre-treatment steps are necessary prior to MS acquisition for even the most rapid and robust MS-based proteomics methodology, matrix-assisted laser desorption/ionization time-of-flight (MALDI-TOF) MS followed by peptide mass fingerprinting (PMF) analysis. These include sample purification and fractionation, removal of digestion buffers or solvents, and spotting of sample with matrix onto the MALDI target. These multiple steps of time-consuming sample handling can result in high overall analysis costs and the likelihood of sample contamination and loss. In order to overcome some of these limitations in sample processing, we have investigated the use of a novel, simple, inexpensive 96-well elastomeric array that affixes to a MALDI target to create an on-target 96-well plate that accommodates a high solution volume (ca. 200 microL), thereby enabling the on-target processing of samples for MALDI-TOFMS. We explored several factors that influence MALDI sample preparation: type of matrix, solution volume, solution organic composition, solution drying rates and matrix/analyte co-crystallization methods. We also investigated the use of the 96-well elastomeric device for coupling MALDI-TOFMS analysis directly to high flow rate (1 mL/min) reversed-phase (rp)-HPLC. By developing an optimized, robust sample preparation protocol, we were able to obtain mass spectra with a high signal-to-noise ratio from peptide standards present at the 50-fmol level in large starting volumes of solution. PMF analyses were possible from 1-pmol and 500-fmol protein-digest standards. Coupling the device to high-flow HPLC (750 microL/min) yielded a robust and semi-automated means to obtain enhanced MALDI-TOFMS data at 500 ng of protein digest. These methodologies developed for this simple, on-target, elastomeric device show promise for streamlining the sample preparation process from HPLC to MALDI-MS.